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FLQW IN HIGH SPEEDPER??3RATIONAND CUTI’IN@

M. van Thiel

ABSTRFCT

It is &rcmtrated t’hateffectsof lcng rod penetratxxson targets

can be mcdel~ b~ in~rcducinga high pressure(energy)columnon the

penetracim ~.~h in placeof the projectile. This entirgycan be obtained ;

from the .kIzsticenergyof the penetrator;the equationsof stateoftthe

materi<= ~& and a Bernoullip~etration ~d iti~ _ The ndel is

s~rt< “=.;seb iled hydror..lculations.

‘Irk perfamed tier the auspicesof theU.S. Departmentof ~ergy by

LawrenceLivermoreNationalLaboratoryundercontract#W-7405-Eng-48.

,

.



\

Page 2

a

.

.

INTIQDUCTION

Two-stageguns are capableof yieldingthe informationneededto

describet’heeffectsof high, if mt hypervelccityimpzts. Perez(l)

has giv=.data for 5 krq.lsimpzctvelocitywhileChristian went to

6.7 kin/s.TJsingsmallerreds,the same gun used by Christmanis capable

of vel~.-tiesa~roaching 8 km/s. Fig. 1 is a calculatedrcd target

interacticcthat indicatesthe complexityof the detailedproblem. A

computertie like the cne used here is =pable of conputingthe details

of the wave inter~ticns and surfaceacceleration.

The initializpachpressureis higherthan the steadystatepene-
.-

trati=. ~zzssuz~.
...

For flat-nosedor blunt projectiles it is equivalent ‘“

ti a I-Z ~~=i pressure. This pressure wave spreads and decays as be

interf=- ;rsssureis also decreasesto the steadystateBernoulli

cmditic. -’-the stresswavetravelsthroughthe targetits pressure

terds= == reducedby the free surfaces,while at the same time it is fed

by the.=.ergyof the penetrator. The problemis bm conplexto allowa

detailedunderstanding

experim~ks and simple

.
can thenbe a.qliedto

and the hydrocalculationsare time consuming. But

ndels can yield furtherphysicalinsights,that

practicalproblems. Such a simplemcdeling

a~roach is describedhere.
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TKU)RY

I& ~roblem presented here will address the amount of surface ~tion

produc& ~ a lmg rod projectilerovingat 8 kqls. w will use a simple

model %+~itiwe shallcall the PromptEnergyDeposition model because we

imagine‘.-.e energyof the jet b be deposited

transmi==~ +~ the surfaces.

instantaneouslyand then

Fig. Z k a case of a platepenetratinga plate- a 2-D calculatim.

The enec$ysaurcefor the surfacemotion is a sheetof high pressure

material with tilethicknessof the pknetratorthat also has the proper

. kineticenergy. That ena”gyand nnnentummay be generatedby considering

~ ~--=...i=!t, cne-dimensi-malprocess. Each element‘of the high enercy~ “
●

sheet Z-S i~iispendentlycn each elementof the target surface,thekotal

effect> =ze Lntegral over the high energyzcne. We note as shown in

Fig. 2, CT==the integralof the surfacekil~etic energyis equivalentto

the int~~~ over the same surface of the energydepositedin each surface

elemnt. That energyis proportionalb the energyin each elementof the

high pressurezcnemodifid by an attenuationfuncticnf(r)and castant

K, wherer is the distancebetween the elements. This approach allows

scaling betweendifferentimp.w tor energiesand ironediatelyleads to the

resultfor a rcdwith proper

geometry. Note that for any

(perunit width)dA = dr’.

considerationfor the differencesin

surfaceelementB, r is a functicnof h while

,
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The key for the smcess of thisprwedure is the propermethd for

determiningthe energydensity (E)and the attenuationfunctionf(r). The

interfacevelccitybetweenimpactorand targetcan be readilyconputed

with thrs differentflowpaths. A a Bernoulliflowpath,B a shockwave—

path, arndsan isentropiccm-dimensionalcompressionpath. AH these

processs =~ieve the same velccitywithina percentor two. The two 1-D

process=. 3 and C also ahieve the same interfacepressurewhile the

Berrmd2i.~cw processyieldsa lowervalue. The principaldifferenceis

that in tineaernoullifla processthe flow is rmk constrainedb me

dimension. Nevertheless,the initial decreasein the kineticenergyof

the projzntileis the same. The differenceis due to lateralflowwhich

desr==s the potentialenergydensityand increasesthe amountof... .’.

materi~z LT&r pressure. We thereforepostulatethatwe can sel-~a 1-D

Conpres=im. ;=*A @ determine the potential energy deposited in the target.

‘I& ==:= ques~kn deals with the material in the high energycmlumn.

We are ~ti-=g with both projectileand targetmaterialm =me

proportia.. We determinethis ratiousingthe incompressibleBernoulli

penetratim condition,

h
—=Pen=Cose JU.dt =!.&

= ‘“Fop/potr”

to determinethe lengthof projectileused up in theprocess. Since the

proj=tile is compressedin the 1-D processselectedthe fracticnof

projectilematerialis

a‘b”oir’b@/pJp!“

This proportionmay then be used in the determinatimof the equaticnof

stateof the mixturefrom the equationsof stateof the twomaterials.
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The i!atabase for the verification

coupledZ-Jerian-Lagrangecalculaticm.

of the model was obtaind frcn a

The hydroccdeis calledCHAMP‘2)

(forA=cpled HE’4P(4)MultifluidEulerian(5)Programfor Fluid Flow

Simul.a+<=S)ad was prcducedat L12?L.The Eulerian part of the code

allws :iniaznpressureand densitycutoffsfor the pressuremlculaticn

which &scribes me of the effectsof span or vaporization.The

Lagrangs~~t is fullyelastic-plasticwith a span critericn. Neither

span nor vaporizaticnwere significantin the Eulerian part of the grid

and s@J. playeda miror role in the nmticnof the Lagrangegrid. Figs. 3

and 4 snr~-tks material‘boundariesin the Eulerianp&t icm and the grid of ‘

the h:zsn~s secticn. The zcme size in the Eulerian secticn is abo~thalf

as largac =Ylesnail.Lagrangezones. The qualitativefeaturesof the

plate-~lz~ -~etraticn are similarto the rod-platecase. The nmt

easily:==2L=abledifferenceis the rateof void growth,which is larger

in the p-~=~-platecase,otherwisethe configuratic.nslcok alike.,

The ncdel-hydrocorrelationin Fig. 5 is good. Firstof all, a

si-mpleexponentialfits the nnticnof the exit surfacein the plate-plate

penetratim calculation.The requird geometricchangesto describethe

rod-platepmtratia producethe dashedcurve. While

reasonablygood, a definitedeviatim is observable.

from the rod exit point, ‘the ndel underestimates the
\

the surface while at largedistrancesthe ogpositeis

the fit is still

At a small distance

kineticenergyof

true.
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A relateddifferencebetweenplate and rod penetratorprccessesis

the lateral(radial)mmentum change. While the lateralvelccityof the

plate that is cut by a plate is always positive (away from the cut), this

.
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the plate is perforatedwith a rod. Fig. 6 showsthe

velocityprofileat ti differenttimes. At 17 m.icro-

the

it.

remnant of an elastic pr-rsor and a reformational

Behirxlthis wave the velocitydecreasesand then

the distancefrom the penetrationpoint dexeases.

moticn beycmd45 m has reversed itself and snne of the

materi= is contractingback towardthe hole.

~is elasticrever”weatim is of courseabsentin the cut plate,

sincem restoringforms existhere. The uniquedifferencetherefore

Iies in the heap stress. The effectof tensileforcesis also noticeable “

~ tk i~~. ~~-faceOf the plate. The nxxnentumtransferredto th# plate

introd’ccesa directim to the motim, while the potential

produc< “<=zlhepressureis :londir~tional.The ,integral

Of a s’~~~~ element & therefore

energyterm

tor the velocity .

2
0.5pv (Y)= K

~~n+l

J

h
($+ O.sp U2

COS3a e-~r dh .

22n (coSe)‘+1 o B(”= —
In

JHere n is O for the plate-plateand 1 for the rod-platecase,$ = PdV
Vo

is the potentialenergyand UB is theBernoulliinterface velocity. The M

termsin bracketssubtractcn the inpactsurface(forsmall6) and the kinetic

term tbninatesclose to the pointof entry.
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The resultof this formulatim is shcwnin Fig. 7. Here we note that the

velocitieson the exit surfaceare largerthan on the inpactsurface. The

potential energyterm alme, overestimatesthe depositedenergy. The kinetic

terma~ea”s to yield the properadjustmentuntilwe reacha regionwhere

tensicmf~ces bemme large. At thatpoint,the kineticterm clearly does mt

couple in= the surface moticn due to yield and span eEfects.

CONCLUSION

J’Rkave shwn that a simpleenergyattenuationfunctionmay be used to

a~rox imaketiheenergydepositedm the surfaceof a platepenetratedby a rcd

or a pbte. ~viaticns frcm the sinplemodel can be relatedto strength
.
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FIGURE CAPTIONS
.

hydrocalculaticnof a high velccitylong rcd penetration.●

grid of the irontargetand Eulerian kcmndariesof penetrator

target (Fe).

2. S&s~tic presentt icn of the significant parameters in the Prompt Energy

dqwsiticn mdel ad energy balance equation for the surface kinetic

I

1.

.

mater ial boundariesat + = O.
..

s
materalboundariesat + = 8.5 us.

...

5. ti=l ~it of the kinetic energy at the target exit surface for:

a ;‘= =+plate penetration (+ hydrccalculat ion? model calculation) ~

anG ~ the rod-plate ~etraticn (. hydrocalcualticn, - - - tiel

6. Radial velcc ity

andt’22 us.

versusradiuscm the exit surfaceof the targetat t = 1

7. Surface velccit ies for the plate-plate penetra ticm case: model

exit-surf acevelocity-squar ed; mcdel impact surface velocity

squared; x hydro result for the impact surface.
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